Abstract. This paper describes a method to detect leaks on the surface of a wheel rim manufactured by aluminum die casting and forging. Leaks in the wheel rim may be caused by temperature gradient differences during the cooling period, impurities, or flowing air bubbles in the die casting process. We developed a new low-cost approach to detect leaks that only required a short inspection time by observing the movement of soap bubbles on the wheel rim surface. We designed new light sources to minimize mirror image effects and irregular luminance distributions on the curved wheel rim surface. A preprocessing procedure for image processing was also developed to determine the bubble configurations using threshold and morphology techniques. A series of experiments were conducted to evaluate the performance of the inspection system. The results demonstrated that leaks generated during the wheel rim manufacturing process could be accurately detected even under various environmental lighting conditions.
Introduction
The wheel manufacturing process, which consists mostly of casting with some forging and mixing, can be divided into four main subprocesses: gravity casting, low-pressure casting, liquid metal forging, and PF-die casting. The defects that occur in the casting process consist of cavities, gas, inclusions, and sponging. Most wheels adopted by car manufacturers are one-piece products manufactured by mass production systems. During the wheel manufacturing process, steep temperature gradients during the cooling period, inherent impurities in the material, and air bubbles flowing in the die casting process may cause very small leaks in the rim that cannot be detected by the naked eye. Because an aluminum wheel is finished to a shiny surface like a mirror, a mirror effect on the surface makes it difficult to detect small imperfections using image inspections. In addition, the cost required to examine wheels makes it necessary to test only a small sample of the final product. Thus, it is desirable to develop a low-cost inspection system that can be applied to every product manufactured in a factory.
Fig. 1 Sample target wheel for inspection

Wheel Inspection System
In this paper, we propose a new low-cost approach to detect leaks that only requires a short inspection time by observing the movement of soap bubbles on the wheel rim surface. If an airtight wheel has small leaks inside and surfactant water is spread on the rim surface, white bubbles are generated at the leak position due to the destruction of the stable surface of the spread surfactant water induced from the high inner pressure. Small bubbles are generated at the initial stages; these become either a large soap bubble or a group of small bubbles that flow down the rim due to their weight.
Light reflects differently from the surface of a group of small bubbles than it does from the surface of a soap bubble because the group of bubbles has many inside surfaces. Under white light, the surface of a soap bubble looks like a rainbow, whereas the surface of a group of bubbles appears white because of the many surface reflections [1, 3] . This surface reflection makes it difficult to identify the bubble image from the background. Thus, in the proposed system, the light sources were installed along an axis perpendicular from the line of sight and also contained a red color [2] to isolate external light noise, as shown Fig. 2 . Fig. 2 Wheel inspection system Figure 2 shows a schematic diagram of the wheel inspection system. A DC servomotor with an encoder was used to rotate the wheel and inspect the entire rim. If defects were found through an inspection process, the positions of the defects were measured by the encoder and the defective parts could be investigated in more detail to yield a more reliable inspection.
The surfactant was sprayed onto the surface of the target object automatically and the image was acquired by an analog NTSC CCD camera and a frame grabber (NI-1411). A computer used the image-processing algorithm to detect the existence of a leak, sent commands to the motor driver, and received position data from the encoder.
Two LED light sources were installed on the axis perpendicular to the camera axis to illuminate the region of interest (ROI), as shown in Fig. 2 . Because the object to be inspected was round and symmetrical along the camera axis, two light sources were utilized to cover the left and right regions.
Image Processing Algorithm
The acquired images included light reflected from the right and left LEDs. The light created an image, such as bubble, which appeared on the right and left of the preprocessed image. We used a ROI decision algorithm to remove any unnecessary blips in the surrounding region. Figure 3 shows the geometric configuration of the camera and the object to be inspected.
In Fig. 3(a) , the ROI should be calculated to reduce the number of data points to be processed and to remove the regions influenced by the light sources, as described by the following equation: 
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The number of regions of interest for the entire inspection can be calculated from
where α is safety margin factor.
The results of the ROI calculations are shown in Fig. 3(b) . The solid line with blue color is the boundary of the ROI in this figure. A morphology technique was used to exclude noise during the processing, removing particles near the small circular bubbles and the surrounding light source that were caused by the surfactant spreading along the surface. The morphology technique clarified the shape of the structure even though a threshold binary image was used in the processing. This technique identified the outer blocks of the shape by highlighting the outside of the most obvious objects using single pixels. Therefore, noise was removed from the single pixels and the border was spanned by two pixels. Figure 4 shows an original image and a processed image. The exposed red color was located at a spot where air was escaping. The leak size was more than 100 pixels. Small bubbles appeared due to light noise or the application of the active surface agent. However, objects spanning less than 40 pixels were regarded as noise and ignored.
Experimental Results of the Defect Detection Method
(a) Original Image (b) After processing image Fig. 4 Inspection by image processing Figure 5 shows image processing results for two cases, one with bubbles caused by leakage from the wheel and one with no bubbles. The results indicated that the proposed algorithm detected defects on the surface effectively with a satisfactory level of performance. Fig. 5 Results of image processing Figure 6 shows the creation of a bubble after the active surface agent was applied. Air pressure was applied to the inside of the wheel. The indicated times were measured from the instant that the surfactant water was spread on the wheel rim surface. The difference between the 0 and 10-second images clearly indicates the presence of a leak. However, detection was difficult using a comparison method after 25 seconds because there was little change in the images after this point in time. 
Conclusions
We developed a simple low-cost inspection system that requires little time to detect air leakage from automobile wheels. The system detected the movement of soap bubbles on the wheel rim surface. A simple image-processing algorithm was proposed to detect the bubbles considering the surface phenomena of the bubbles and the design of a new light illumination system. The results demonstrated that the proposed algorithm and system detected defects on the surface effectively and with a satisfactory level of performance within the desired time limits.
